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(57) An effective agent for treating ischemic dis- 
ease, the agent containing human granulocyte colony- 
stimulating factor (human G-CSF) as an active ingredi- 
ent is disclosed. By administering this therapeutic agent, 
an effective therapy particularly for obstructive arterio- 
sclerosis is provided which can eliminate drawbacks 
with conventional therapies, such as kinesitherapy, 



pharmacotherapy, and revascularization, and recently 
proposed therapies, such as gene therapy and intra- 
muscular transplantation of bone marrow cells. Further- 
more, the therapeutic agent can be used as an agent 
for treating ischemic disease, such as ischemic cere- 
brovascular disorder or ischemic heart disease. 
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Description 

[Technical Field] 

5 [0001] This invention relates to an agent for treating ischemic disease, the agent containing human granulocyte 
colony-stimulating factor (hereinafter referred to as human G-CSF) as an active ingredient. 

[Background Art] 

w [0002] The present invention concerns an agent for treating ischemic disease. A typical ischemic disease, obstructive 
arteriosclerosis, will be described first. 

[0003] Obstructive arteriosclerosis is a disease in which an arteriosclerotic lesion results in occlusion or stenosis of 
a major truncal artery in the extremity, especially in the lower limb, causing an ischemic disorder to its periphery. Clinical 
symptoms of this disease are classified as coldness or numbness, intermittent claudication, rest pain, and ulcer/necro- 

15 sis. In Japan, patients with obstructive arteriosclerosis are estimated to number about 1 00,000 (YusukeTada: Biomed- 
icine & Therapeutics, Vol. 31 , 289-292; 1 997). The number of patients with this disease is expected to increase because 
of the increase in the elderly population and the westernization of diets. Therapies of obstructive arteriosclerosis include 
kinesitherapy or exercise therapy, pharmacotherapy, and revascularization, which are selected depending on symp- 
toms or the patients condition. Recently, gene therapy and intramuscular transplantation of bone marrow cells have 

20 also been attempted. 

[0004] The above-described therapies are currently achieving some success in the treatment of obstructive arterio- 
sclerosis, but the respective therapies involve the following problems. While exercise therapy has increased the dis- 
tance (a patient can walk) of walking in some mild cases, the effect of this therapy is difficult to predict. Moreover, 
patients are not satisfied with the increase in the walking distance, if any, and 30% of them are reported to have 
25 requested revascularization (Takashi Ohta: Japan Medical Journal, Vol. 3935, 25-29, 1999). At present, exercise ther- 
apy is not a very effective form of treatment. 

[0005] In pharmacotherapy, antiplatelet agents are mainly prescribed, but they merely prevent an aggravation of 
symptoms. Microcirculation improving agents and oxygen transport improving agents, which have recently been de- 
veloped aggressively, are only expected to be indicated for mild cases. At present, there are no radical therapeutic 

30 agents available for obstructive arteriosclerosis. 

[0006] Revascularization, on the other hand, is currently the most effective therapy, which involves percutaneous 
angioplasty or a bypass operation depending on the condition of the patient or the location or severity of the lesion. 
These surgical operations are so extensive as to pose problems, such as surgery-associated complications or deaths, 
and a poor prognosis for a long life. 

35 [0007] With gene therapy, treatment is provided using genes of angiogenic factors, such as vascular endothelial cell 
growth factor and epidermal cell growth factor. However, this therapy is still at the experimental stage, and evaluations 
of its safety and efficacy have not been established. Thus, gene therapy has not spread generally. 
[0008] Intramuscular transplantation of bone marrow cells, whose therapeutic effects have recently been reported, 
is a therapy in which bone marrow cells are transplanted into the muscle near the diseased part, whereafter they 

40 differentiate into vascular endothelial cells to form blood vessels. Although its efficacy will have to be evaluated in an 
increased number of patients, this therapy is expected to become a promising one, because it can treat severe cases. 
However, one of the problems with this therapy is considered to be a great burden associated with bone marrow harvest 
which falls on both the patients and the medical staffs. 

[0009] Recent studies have shown that hematopoietic stem cells, which can differentiate into vascular endothelial 
45 cells, are present not only in the bone marrow, but also in the peripheral blood, and they take part in angiogenesis 
(Qun Shi et al. Blood Vol. 92, 362«367;1998, Takayuki Asahara et al. Circulation Research Vol. 85, 221-228;1999, 
Mario Peichev et al. Blood Vol. 95, 952-958;2000). (The hematopoietic stem cells are called "precursor cells for en- 
dothelial cells" from the viewpoint of the function of differentiating into endothelial cells. However, these cells are orig- 
inally derived from hematopoietic stem cells. Thus, the term "hematopoietic stem cells" is used herein in accordance 
50 with the concept that they are a cell population capable of becoming endothelial cells.) Hence, hematopoietic stem 
cells in the peripheral blood are harvested and transplanted into the muscle close to the diseased part, whereby treat- 
ment of obstructive arteriosclerosis can be expected. This procedure is advantageous in that the burden imposed on 
the patient and medical staff at the time of taking peripheral blood stem cells is less than that during transplantation of 
stem cells in the bone marrow. Normally, however, the frequency of hematopoietic stem cells in the peripheral blood 
55 is extremely low. Thus, it is highly questionable whether a necessary and adequate amount of hematopoietic stem 
cells for the treatment of obstructive arteriosclerosis can be obtained. 
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[Disclosure of the Invention] 

[0010] Human G-CSF is a hematopoietic factor discovered as a differentiation/proliferation factor for progenitor cells 
of the granulocytic lineage. It is clinically applied as an agent for treating neutropenia following bone marrow trans- 

5 plantation or cancer chemotherapy, because it facilitates neutrophilic hematopoiesis in vivo. In addition to this action, 
transplantation of the peripheral blood stem cells mobilized by human G-CSF, i.e. peripheral blood stem cell transplan- 
tation, is conducted in the clinical setting for the purpose of accelerating hematopoietic recovery in the cancer patients 
after intensive chemotherapy. This hematopoietic stem cell mobilizing action of G-CSF is far more potent than that of 
GM-CSF, also a hematopoietic factor for the granulocytic lineage. In terms of few side effects as well, G-CSF has 

to superiority over GM-CSF. 

[001 1 J Prior to treatment with intramuscular transplantation of bone marrow cells in patients with obstructive arteri- 
osclerosis, administration of human G-CSF can be expected to increase the frequency of hematopoietic stem cells in 
the bone marrow. Thus, the number of bone marrow punctures for harvesting bone marrow cells can be reduced, and 
the burden on the patient can be reduced. On this occasion, the burden on the patient and the medical staff can be 

15 further reduced by obtaining hematopoietic stem cells for transplantation from the peripheral blood. Furthermore, he- 
matopoietic stem cells in the peripheral blood have been shown to contribute to blood vessel formation, and therefore 
it is expected that an increase of hematopoietic stem cells in the peripheral blood induced by the administration of 
human G-CSF will promote blood vessel formation. Hence, the mere administration of human G-CSF to patients can 
be expected to treat obstructive arteriosclerosis. Such treatment of obstructive arteriosclerosis by the administration 

20 of human G-CSF will clearly reduce the burden on the patient and the medical staff markedly in that it obviates the 
need for harvest and transplantation of hematopoietic stem cells. 

[Brief Description of the Drawing] 

25 [0012] 

FIG. 1 is a view showing the effects of (B) inoculation of peripheral blood mononuclear cells derived from G-CSF- 
treated mice and (C) administration of G-CSF, on the density of capillaries in the rat ischemic limb. The capillary 
densities of the individual animals were plotted for B Group, C Group and Control Group (A). 

30 

[0013] The three modes of treatment for obstructive arteriosclerosis using human G-CSF described above can be 
expected to take effect in severe cases, and will be of great benefit to patients. If this treatment is combined with 
treatment with an angiogenic factor which promotes differentiation and growth of vascular endothelial precursor cells, 
such as vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), hepatocyte growth factor (HGF), 

35 or fibroblast growth factor (FGF), or with the gene therapy of these factors, the therapeutic effect of that treatment is 
expectedto be augmented further. In this case, these factors or their genes can be administered to patients, for example, 
to sites near the diseased part. Similarly, G-CSF is expected to show an increased therapeutic effect, when combined 
with agents clinically used as drug therapies for obstructive arteriosclerosis, such as antiplatelet agents, vasodilators, 
microcirculation improvers, anticoagulants, and antilipemic agents. 

40 [0014] Besides, G-CSF of the present invention is applicable as an agent for treatment of other diseases classified 
as ischemic diseases. These diseases include the following: trauma, rejection reaction during transplantation, ischemic 
cerebrovascular disorder (e.g., apoplexy, cerebral infarction), ischemic renal disease, ischemic pulmonary disease, 
infection-related ischemic disease, ischemic disease of limbs, ischemic heart disease (ischemic cardiomyopathy, my- 
ocardial infarction, ischemic heart failure). That is, the present invention provides agents containing G-CSF as active 

« ingredients for treatment of these diseases. 

[001 5] As a result of the foregoing investigations, we have accomplished the present invention. Namely, the present 
invention provides agents for treatment of ischemic disease which contain human G-CSF as active ingredients. 
[0016] The present invention will be described in detail below. 

50 [Embodiments of the Invention] 

[0017] Human G-CSF is a protein having an amino acid sequence shown in Formula 1 below. Human G-CSF used 
in the present invention includes, in addition to this protein, a mutant protein which is produced by introducing some 
alterations of the amino acids, such a substitution, addition or deletion to the original protein. Alternatively, the human 
55 G-CSF according to the present invention may be the protein of Formula 1 or its mutant version described above with 
or without various modifications. As long as the products have G-CSF activity, they can be applied to the present 
invention. Herein, "various modifications" refer to structural transformation, addition and deletion of a sugar chain, and 
binding of inorganic or organic compounds, such as polyethylene glycol and vitamin B12. 
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Formula 1: Amino acid sequence of human G-CSF 
[0018] 



Thr 


Pro 


Leu Gly 


Pro Ala 


Ser 


Ser Leu 


Pro 


Gin 


Ser 


Phe 


Leu 


Leu 


Lys 


16 


Cys 


Leu 


Glu Gin 


Val Arg 


Lys 


lie Gin 


Gly 


Asp 


Gly 


Ala 


Ala 


Leu 


Gin 


32 


Glu 


Lys 


Leu Cys 


Ala Thr 


Tyr 


Lys Leu 


Cys 


His 


Pro 


Glu 


Glu 


Leu 


Val 


48 


Leu 


Leu 


Gly His 


Ser Leu 


Gly 


lie Pro 


Trp 


Ala 


Pro 


Leu 


Ser 


Ser 


Cys 


64 


Pro 


Ser 


Gin Ala 


Leu Gin 


Leu 


Ala Gly 


Cys 


Leu 


Ser 


Gin 


Leu 


His 


Ser 


80 


Gly 


Leu 


Phe Leu 


Tyr Gin 


Gly 


Leu Leu 


Gin 


Ala 


Leu 


Glu 


Gly 


He 


Ser 


96 


Pro 


Glu 


Leu Gly 


Pro Thr 


Leu 


Asp Thr 


Leu 


Gin 


Leu 


Asp 


Val 


Ala 


Asp 


112 


Phe 


Ala 


Thr Thr 


lie Trp 


Gin 


Gin Met 


Glu 


Glu 


Leu 


Gly 


Met 


Ala 


Pro 


128 


Ala 


Leu 


Gin Pro 


Thr Gin 


Gly 


Ala Met 


Pro 


Ala 


Phe 


Ala 


Ser 


Ala 


Phe 


144 


Gin Arg 


Arg Ala 


Gly Gly 


Val 


Leu Val 


Ala 


Ser 


His 


Leu 


Gin 


Ser 


Phe 


160 


Leu 


Glu 


Val Ser 


Tyr Arg 


Val 


Leu Arg 


His 


Leu 


Ala 


Gin 


Pro 









174 
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[0019] A method for producing this human G-CSF may be any method which can give the product defined above. 
Concretely, the human G-CSF is produced using human G-CSF-producing tumor, human G-CSF-producing hybridoma, 
or a transformed host which has been granted a G-CSF-producing potential by genetic recombination. Depending on 
the structure of human G-CSF to be produced, a changing operation or various modifying operations are appropriately 
35 applied at a suitable stage of the production process. If the human G-CSF is to be produced by genetic recombination, 
any routinely used host can be employed, such as Escherichia coli or animal cells. 

[0020] The agent for treating ischemic disease according to the present invention can contain pharmaceutical carriers 
and vehicles necessary for assuming the form of a medicinal pharmaceutical composition, and can further contain 
stabilizers and adsorption preventing agents. Suitable dosage forms can be selected, including injections, sustained 
40 release preparations, transnasal preparations, oral preparations, transpulmonary preparations, transdermal prepara- 
tions, and transmucosal preparations. If desired, suitable devices can be used. 

[0021] The dose and the frequency of dosing of human G-CSF contained in the agent for treating ischemic diseases 
according to the present invention can be determined in consideration of the condition of the patient for whom the 
agent is indicated. The dose is usually 0.1 to 500 u,g/kg/day, preferably 1 to 50 u,g/kg/day, per adult. As the frequency 

45 of dosing, the agent of the invention can be administered for 1 to 7 days weekly. The mode of administration preferably 
includes intravenous administration, subcutaneous administration, and intramuscular administration. However, the 
present invention is not limited by the dose of human G-CSF, and can be combined with drugs hitherto used with 
effectiveness against obstructive arteriosclerosis, such as antiplatelet agents, vasodilators, microcirculation improvers, 
anticoagulants, and antilipemic agents, and can also be used in combination with gene therapy. 

so [0022] The present invention will be described in more detail with reference to Experimental Examples (pharmaco- 
logical efficacy) and Examples for working of the invention (Preparation Examples), which in no way limited to the 
present invention. 

Experimental Example 1 (pharmacological efficacy): 

55 

[0023] The left femoral artery and vein of nude mice (BALB/cAJcl-nu) were ligated and then removed to prepare 
lower limb ischemia models. In an untreated group, the lower limb dropped out in 3 of 5 animals (60%) and became 
necrotic in 2 animals (40%) two weeks after ischemic treatment. In a group subcutaneously administered 100 u.g/kg/ 
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day of G-CSF a total of 5 times from 3 days before creation of lower limb ischemia until 1 postoperative day, the fall 
and the necrosis of the lower limb were observed in 1 (20%) and 3 (60%) animals out of 5, respectives, and no damage 
was observed in 1 animal (20%), at 2 weeks post ischemic treatment. Thus the lower limb damage was reduced in the 
G-CSF treated group. These findings show that G-CSF may have the action of alleviating lower limb damage after 
5 ischemia by promoting angiogenesis. 

Experimental Example 2 (pharmacological efficacy): 

[0024] After 100 u.g/kg/day of G-CSF was subcutaneously administered to mice (BALB/cA) for 5 days, blood was 
10 taken, and a mononuclear cell fraction was obtained by the density gradient method (d=1 .077). Also, the left femoral, 
artery and vein of nude rats (F344/N Jcl-rnu) were removed to prepare lower limb ischemia models. One day after 
creation of ischemia, peripheral blood mononuclear cells from the G-CSF-treated mice were intramuscularly inoculated 
in a dose of 2X10 7 cells/head (corresponding to about 5 ml of peripheral blood) to the ischemic limb of the lower limb 
ischemia nude rat. A control group received in intramuscular administration of phosphate buffer. One week after inoc- 
15 ulation, a tissue specimen of the lower limb was prepared, and the density of capillaries was measured after an alkaline 
phosphatase stain. As a result, the capillary density tended to be higher in the peripheral mononuclear cell treatment 
group than in the control group (control group: 38.3±1.7, peripheral mononuclear ceil treatment group: 42.3±2.1, 
number of capillaries/field, 5 animals per group, mean±standard error). The results are shown in A and B of FIG. 1 . 
[0025] These findings show the possibility that G-CSF promoted the mobilization of endothelial precursor cells to 
20 the mouse peripheral blood, thereby promoting angiogenesis in the rats receiving a transplant of the peripheral mono- 
nuclear cell, and suggest the possibility of application of G-CSF to the treatment of peripheral circulatory disturbance. 

Experimental Example 3 (pharmacological efficacy): 

25 [0026] The left femoral artery and vein of nude rats (F344/N Jcl-rnu) were removed to prepare lower limb ischemia 
models. The density of capillaries was measured by alkaline phosphatase stain of a lower limb tissue specimen pre- 
pared one week after creation of ischemia. Comparisons were made between a group subcutaneously administered 
100 ng/kg/day of G-CSF from 4 days before creation of ischemia until one week after creation of ischemia (G-CSF 
treatment group) and a control group. The control group received an intramuscular administration of phosphate buffer. 

30 As a result, the capillary density was shown to be higher in the G-CSF treatment group than in the control group (control 
group: 38.3±1 .7, G-CSF treatment group: 44.7±2.4, number of capillaries/field, 5 animals per group, mean±standard 
error). The results are shown in A and C of FIG. 1 . 

[0027] These results suggest that G-CSF has the effect of promoting angiogenesis at the site of ischemia, and sug- 
gest the possibility of application of G-CSF to the treatment of peripheral circulatory disturbance. 

35 

Example 1 (preparation example): 

[0028] Polysorbate 20 (Tween 20: polyoxyethylene sorbitan monolaurate), a nonionic surfactant, was added in an 
amount of 0.1 mg/ml to 50 jig/ml of human G-CSF (10 mM phosphate buffer, pH 7.0), and the mixture was adjusted 
40 to an osmotic pressure of 1 using NaCI. Then, the mixed solution was sterilized by filtration through a membrane filter 
having a pore size of 0.22 mm. The resulting solution was charged into a sterilized vial, whereafter the filled vial was 
capped with a similarly sterilized rubber stopper and then seamed with an aluminum cap to obtain a pharmaceutical 
solution for injection. This preparation for injection was stored in a cold dark place at 1 0°C or lower. 

45 Example 2 (preparation example): 

[0029] Polysorbate 80 (Tween 80: polyoxyethylene sorbitan monooleate), a nonionic surfactant, was added in an 
amount of 0.1 mg/ml to 100 jig/ml of human G-CSF (10 mM phosphate buffer, pH 7.0), and the mixture was adjusted 
to an osmotic pressure of 1 using NaCI. Then, the mixed solution was sterilized by filtration through a membrane filter 
so having a pore size of 0.22 mm. The resulting solution was charged into a sterilized vial, whereafter the filled vial was 
capped with a similarly sterilized rubber stopper and then seamed with an aluminum cap to obtain a pharmaceutical 
solution for injection. This preparation for injection was stored in a cold dark place at 10°C or lower. 

Example 3 (preparation example): 

55 

[0030] Polysorbate 20 (Tween 20: polyoxyethylene sorbitan monolaurate), a nonionic surfactant, in an amount of 
0.1 mg/ml, 10 mg/ml of HAS and 50 mg/ml of mannitol were added to 50 ng/ml of human G-CSF (10 mM phosphate 
buffer, pH 7.0), followed by dissolving the mixture. Then, the solution was sterilized by filtration through a membrane 
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filter having a pore size of 0.22 mm. The resulting solution was charged into a sterilized vial, whereafter the filled vial 
was half capped with a similarly sterilized rubber stopper and lyophilized to obtain a lyophilized preparation for injection. 
This lyophilized preparation for injection was stored under temperature conditions at room temperature or lower, and 
should be dissolved, before use, with distilled water for injection. 

5 

[Industrial Applicability] 

[0031] The agent for treating ischemic disease according to the present invention, which contains human G-CSF as 
an active ingredient, is expected to show a therapeutic effect in relatively severe cases of obstructive arteriosclerosis, 

10 as demonstrated in Experimental Examples 1 to 3. This effect of G-CSF is inferred to be based on the promotion of 
angiogenesis. Thus, G-CSF is expected to be therapeutically effective against other ischemic diseases, namely, trau- 
ma, rejection reaction during transplantation, ischemic cerebrovascular disorder (apoplexy, cerebral infarction), 
ischemic renal disease, ischemic pulmonary disease, infection-related ischemic disease, ischemic disease of limbs, 
and ischemic heart disease (ischemic cardiomyopathy, myocardial infarction, ischemic heart failure). The therapies 

is according to the present invention are convenient, safe and efficacious as compared with conventional therapies. 



6 



EP 1 327 449 A1 



SEQUENCE LISTING 
<110> Chugai Seiyaku Kabushiki Kaisha 
<120> Agent for treating Ischemic Diseases 
<130> 002078 
<160>1 

<210> 1 
<211> 174 
<212> PRT 
<212> Human 

<400> 1 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 

1 5 10 15 

Cys Leu Glu Gin Val Arg Lys lie Gin Gly Asp Gly Ala Ala Leu Gin 

20 25 30 

Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu Val 

35 40 45 

Leu Leu Gly His Ser Leu Gly He Pro Trp Ala Pro Leu Ser Ser Cys 

50 55 60 

Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His Ser 
65 70 75 80 

Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly He Ser 

85 90 - 95 

Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp 

100 105 110 

Phe Ala Thr Thr He Trp Gin Gin Met Glu Glu Leu Gly Met Ala Pro 
115 120 125 
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Ala Leu Gin Pro Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala Phe 
5 130 135 140 

Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser Phe ■ 
145 150 155 160 

10 

Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gin Pro 
165 170 

15 

Claims 

1. An agent for treating ischemic disease, containing human granulocyte colony-stimulating factor as an active in- 
20 gredient. 

2. The agent for treating ischemic disease according to claim 1 , wherein the ischemic disease is trauma, rejection 
reaction during transplantation, ischemic cerebrovascular disorder, ischemic renal disease, ischemic pulmonary 
disease, infection -related ischemic disease, ischemic disease of limbs, or ischemic heart disease. 

25 

3. The agent for treating ischemic disease according to claim 1 , wherein the ischemic disease is apoplexy, cerebral 
infarction, ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive arteriosclerosis. 

4. The agent for treating ischemic disease according to claim 1 , wherein the ischemic disease is obstructive arteri- 
30 osclerosis. 

5. The agent for treating ischemic disease according to claim 1 , which, in treating the ischemic disease by adminis- 
tering a patient's own hematopoietic stem cells, is used for obtaining a necessary and adequate amount of the 
hematopoietic stem cells from bone marrow. 

35 

6. The agent for treating ischemic disease according to claim 2, which, in treating trauma, rejection reaction during 
transplantation, ischemic cerebrovascular disorder, ischemic renal disease, ischemic pulmonary disease, infection- 
related ischemic disease, ischemic disease of limbs, or ischemic heart disease by administering a patient's own 
hematopoietic stem cells, is used for obtaining a necessary and adequate amount of the hematopoietic stem cells 

40 from bone marrow. 

7. The agent for treating ischemic disease according to claim 3, which, in treating apoplexy, cerebral infarction, 
ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive arteriosclerosis by adminis- 
tering a patient's own hematopoietic stem cells, is used for obtaining a necessary and adequate amount of the 

45 hematopoietic stem cells from bone marrow. 

8. The agent for treating ischemic disease according to claim 4, which, in treating obstructive arteriosclerosis by 
administering a patients own hematopoietic stem cells, is used for obtaining a necessary and adequate amount 
of the hematopoietic stem cells from bone marrow. 

so 

9. The agent for treating ischemic disease according to claim 1 , which, in treating the ischemic disease by adminis- 
tering a patient's own hematopoietic stem cells, is used for obtaining a necessary and adequate amount of the 
hematopoietic stem cells from peripheral blood. 

ss 10. The agent for treating ischemic disease according to claim 2, which, in treating trauma, rejection reaction during 
transplantation, ischemic cerebrovascular disorder, ischemic renal disease, ischemic pulmonary disease, infection- 
related ischemic disease, ischemic disease of limbs, or ischemic heart disease by administering a patient's own 
hematopoietic stem cells, is used for obtaining a necessary and adequate amount of the hematopoietic stem cells 
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from peripheral blood. 

11. The agent for treating ischemic disease according to claim 3, which, in treating apoplexy, cerebral infarction, 
ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive arteriosclerosis by adminis- 

5 tering a patient's own hematopoietic stem ceils, is used for obtaining a necessary and adequate amount of the 

hematopoietic stem cells from peripheral blood. 

12. The agent for treating ischemic disease according to claim 4, which, in treating obstructive arteriosclerosis by 
administering a patient's own hematopoietic stem cells, is used for obtaining a necessary and adequate amount 

10 of the hematopoietic stem cells from peripheral blood. 

13. The agent for treating ischemic disease according to any one of claims 1 to 4, characterized in that the hemat- 
opoietic stem cells increased in peripheral blood upon administration contribute to angiogenesis of a diseased part. 

15 14. A method for treating ischemic disease, 

characterized by combining a therapy of ischemic disease, which comprises administering a factor having an 
angiogenic action or a gene of the factor to a patient, with the agent for treating ischemic disease according to any 
one of claims 1 to 3. 

20 15. A method for treating obstructive arteriosclerosis, characterized by combining a therapy of obstructive arterio- 
sclerosis, which comprises administering a factor having an angiogenic action or a gene of the factor to a site near 
a diseased part, with the agent for treating ischemic disease according to claim 4. 

16. A method for treating ischemic disease, characterized by combining a drug used clinically as a pharmacotherapy 
25 for ischemic disease, such as an antiplatelet agent, a vasodilator, a microcirculation improver, an anticoagulant, 

or an antilipemic agent, with the agent for treating ischemic disease according to any one of claims 1 to 3. 

17. A method for treating obstructive arteriosclerosis, characterized by combining a drug used clinically as a phar- 
macotherapy for obstructive arteriosclerosis, such as an antiplatelet agent, a vasodilator, a microcirculation im- 

30 prover, an anticoagulant, or an antilipemic agent, with the agent for treating ischemic disease according to claim 4. 

18. Use of human granulocyte colony-stimulating factor for treatment of ischemic disease. 

19. The use of human granulocyte colony-stimulating factor according to claim 18, wherein the ischemic disease is 
35 trauma, rejection reaction during transplantation, ischemic cerebrovascular disorder, ischemic renal disease, 

ischemic pulmonary disease, infection-related ischemic disease, ischemic disease of limbs, or ischemic heart 
disease. 

20. The use of human granulocyte colony-stimulating factor according to claim 18, wherein the ischemic disease is 
40 apoplexy, cerebral infarction, ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive 

arteriosclerosis. 

21. The use of human granulocyte colony-stimulating factor according to claim 18, wherein the ischemic disease is 
obstructive arteriosclerosis. 

45 

22. Use of human granulocyte colony-stimulating factor, in treatment of ischemic disease by administering a patient's 
own hematopoietic stem cells, for obtaining a necessary and adequate amount of the hematopoietic stem cells 
from bone marrow, 

so 23. The use of human granulocyte colony-stimulating factor according to claim 22, wherein the ischemic disease is 
trauma, rejection reaction during transplantation, ischemic cerebrovascular disorder, ischemic renal disease, 
ischemic pulmonary disease, infection-related ischemic disease, ischemic disease of limbs, or ischemic heart 
disease. 

55 24. The use of human granulocyte colony-stimulating factor according to claim 22, wherein the ischemic disease is 
apoplexy, cerebral infarction, ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive 
arteriosclerosis. 
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25. The use of human granulocyte colony-stimulating factor according to claim 22, wherein the ischemic disease is 
obstructive arteriosclerosis. 

26. Use of human granulocyte colony-stimulating factor, in treatment of ischemic disease by administering a patient's 
5 own hematopoietic stem cells, for obtaining a necessary and adequate amount of the hematopoietic stem cells 

from peripheral blood. 

27. The use of human granulocyte colony-stimulating factor according to claim 26, wherein the ischemic disease is 
trauma, rejection reaction during transplantation, ischemic cerebrovascular disorder, ischemic renal disease, 

10 ischemic pulmonary disease, infection-related ischemic disease, ischemic disease of limbs, or ischemic heart 

disease. 

28. The use of human granulocyte colony-stimulating factor according to claim 26, wherein the ischemic disease is 
apoplexy, cerebral infarction, ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive 

15 arteriosclerosis. 

29. The use ofhuman granulocyte colony-stimulating factor according to claim 26, wherein the ischemic disease is 
obstructive arteriosclerosis. 

20 30. Use of human granulocyte colony-stimulating factor, in treatment of ischemic disease, characterized by admin- 
istering a factor having an angiogenic action or a gene of the factor to a patient. 

31. The use of human granulocyte colony-stimulating factor according to claim 30, wherein the ischemic disease is 
trauma, rejection reaction during transplantation, ischemic cerebrovascular disorder, ischemic renal disease, 

25 ischemic pulmonary disease, infection-related ischemic disease, ischemic disease of limbs, or ischemic heart 

disease. 

32. The use of human granulocyte colony-stimulating factor according to claim 30, wherein the ischemic disease is 
apoplexy, cerebral infarction, ischemic cardiomyopathy, myocardial infarction, ischemic heart failure, or obstructive 

30 arteriosclerosis. 

33. Use of human granulocyte colony-stimulating factor, in treatment of obstructive arteriosclerosis, characterized by 
administering a factor having an angiogenic action or a gene of the factor to a site near a diseased part. 
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